Arsenic sulfide based yellow and red/orange pigments, orpiment (As 2 S 3 ) and realgar (As 4 S 4 ), have been used since antiquity. Though absent in Europe in middle-ages, these pigments came back from Asia Minor via Venice in the 15 th century. They were frequently used to paint furniture and historic interiors, often in place of gold. They were less common in easel paintings, but towards the end of the 17 th century they made a comeback, particularly in still-lifes. The late 18 th century saw gradual replacement of the Arsenic pigments by new pigments created by the revolution in chemistry.
Three sets of X-ray Fluorscence (XRF) maps were collected with 2 micron resolution (see Figure 1b and Figure 2 ). The first set was collected at 12000 eV, ~ 150 eV above the K edge of As at 11868 eV. A second XRF map was collected below the As K edge (at 11820 eV) and with re-optimized detector geometry to obtain better Ca and S distribution. These two maps were combined to create a composite elemental distribution map (shown in Figure 1c ). The composite map shows a very heterogeneous paint layer. The upper part of the layer is rich in Ca (as well as an area in the ground). A final set of XRF maps were collected by varying the X-ray incidence energy over the most species sensitive region of the As K edge. In total 20 such maps were collected, with 10 of them separated by 1 eV from 11867 to 11877. These maps, four of them are shown in Figure 2 , clearly indicate the presence of multiple As species. The distribution of the As K half edge position, shown in Figure 3a , where blue pixels indicate more reduced and red pixels more oxidized As, show two clear oxidation fronts; one between the pigment and the ground layer, and the second in the upper part of the paint layer. Image segmentation based clustering in Principal Component (PC) space shows layered morphology of the As species. (see Figure 3b ) Based on Figure 3a and b, high-resolution XANES spectra covering 40 eVs below and 300 eV above the As K edge with 0.25 eV step size over the critical "white-line" region were collected at 77 locations on the sample. PC analysis of these XANES spectra indicates that there must be at least 3 and perhaps as many as 5 As components present. Comparison of the XANES spectra and their prinicipal components with published spectra and As reference compounds were carried out. These analysis suggest As 2 S 3 (most reduced), Ca 3 (AsO 4 ) 2 (most oxidized), and As 2 O 3 can adequately represents majority of the As speciation in the sample (see Figure 3c) . The Saybrook cross-section shows that almost all the As in the paint layer has been oxidized to Pb 3 (AsO 4 ) 2 .
Arsenic speciation in the Coorte cross-section suggests formation of at least two (colorless) transformation products: Ca 3 (AsO 4 ) 2 and As 2 O 3 . These products are very mobile. As 2 O 3 has accumulated at the interface between paint and ground layer, whereas. Ca 3 (AsO 4 ) 2 is found in the upper part of the paint layer, as well as in the ground. The arsenate species seems to have reacted with the gypsum (CaSO 4 ) in the paint layer and the chalk (CaCO 3 ) in the ground layer. Tt is yet unclear whether arsenates are formed directly from the photo-oxidatized arsenic sulfide or with a two stage oxidation, withAs 2 O 3 as an intermediate phase These results will be elaborated, supplemented with results from other complementary probes, and further discussed. 
